Characterization of the Ubiquitin
























































































































































































































































































































































































Sequence	5'	to	3'	At93	 CACTCACTGGCAAGACTATCACT At121	 CAACATAAGAATCTGCGGGAG At452	 TATCCATACGATGTTCCAGATTATGCT At453	 ACCACCCCTAAGGGCAAGAAC KG4	 ATGGAGCAAAAGCTCATTTCTGAAGAGGACTTGGCTGCCGCA KG5	 TGCGGCAGCCAAGTCCTCTTCAGAAATGAGCTTTTGCTCCAT KG6	 ACTTGGCTGCCGCAATGATTGGGTTGTTTAAAGTAAAG KG7	 AAAAGGTACCTGATCCTCCGATACAACGCGGGAAAAAGG KG9	 GCTGCCGCAATGGAGCAAAAGCTCATTTCTGAAGAGGACTTGTAG KG10	 CTACAAGTCCTCTTCAGAAATGAGCTTTTGCTCCATTGCGGCAGC KG11	 GCTCCATTGCGGCAGCGATACAACGCGGGAAAAAGG KG12	 AAAAAAGCTTGGAGGATCAGGCATGATTGGGTTGTTTAAAGTAAA KG17	 AAAAGGTACCGGTGTTTGTGGCTCTGTCT KG18	 AAAATCTAGACTATTTATGATTTGAACAGAAACCATCAG KG19	 AAAACTCGAGATGGGTGTTTGTGGCTCTGTCT KG20	 AAAAAAGCTTTTTATGATTTGAACAGAAACCATCAGG 





KG21	 CAGCTCCTCCGCATCGACCACCTCTTAACCTGAGAAC KG22	 CGATGCGGAGGAGCTGTAATTTCCGATTACATAGCGCC KG23	 CCTTATAGTCTGCGGCAGCGGACCATAGACCCATGTCAT KG24	 TTTTGGATCCTCATTTGTCGTCATCATCCTTATAGTCTGCGGCAGC KG31	 AAAAGAATTCATGTGTGGGGGAGCTATCATT KG33	 CCTTATAGTCTGCGGCAGCATTGGAGTCTTGATAGCTCCAT KG34	 AAAAAAGCTTTCATTTGTCGTCATCATCCTTATAGTCTGCGGCAGC KG35	 AAAAGAATTCATGTGCGGAGGAGCTGTAATTTC KG36	 AAAAAAGCTTTCATTTGTCGTCATCATCCTTATAGTC KG46	 AAAAAAGCTTCAGATCTGCAGGTCGACG KG47	 AAAATCTAGAATTACACGGCGATCTTTC KG50	 AAAACCCGGGATGGCACGTTCGAATGTACC KG51	 AAAAAAGCTTTTTTCCTCCAAAGCCAAAGCA KG52	 AAAAAAGCTTCACTGTGACTTTTTCAGGACTTTCA KG60	 AAAACCCGGGATGGAAATCTTCGTGAAAACACT KG61	 CCTTATAGTCACCTGATCCTCCCACGGCGATCTTTCCGC KG62	 AAAAAAGCTTTCATTTGTCGTCATCATCCTTATAGTCACCTGATCCT
CC KG63	 AAAAACTAGTGGAGGATCAGGCATGATTGG KG64	 AAAAAAGCTTTCAGTGATGGTGGTGATGGTGAGATCCCAAGTCCT
CTTCAGAAATGAGC KG82	 TCAACTCCAAGCTGGCCGCTCTAGAACTAGACCATGGGTGTTTGTG 
GCTCTGTCT KG83	 ACAACCCAATCATGCCTGATCCTCCACTAGCACCTTTATGATTTGAA 
CAGAAACCA KG84	 ACAACCCAATCATGCCTGATCCTCCACTAGCTGTAGCCTGTAGCAA 
ACCATC KG112	 TTAATCCGGATATAACAAATGAGTATGAA KG113	 AACGCAGACACTCCACAATAAGCAGTAGAAAGACCACAAAATC KG116	 GATTTTGTGGTCTTTCTACTGCTTATTGTGGAGTGTCTGCGT KG119	 AGCCCACATCAGTGATGAAAA KG122	 GACCCACGCATGTATCTATCTCA KG144	 CGA GCT TAA GGG AAT CGA TTT CAA G KG145	 CATTCACATCCCATGCCCCGAAT KG146	 ATTCGGGGCATGGGATGTGAATG KG147	 CGAACCCGGGTCACGCAT KG155	 GTCGATTTGGGCTCTCAAGCTATCTTTCACTTAATCCGGATATAAC 
AAATGAGTATGAA KG156	 CGTGAGAAAAGGAAAAGGAAGACAAAAGAGAGCCCACATCAGT 
GATGAAAA KG160	 TCAACTCCAAGCTGGCCGCTCTAGAACTAGACCATGGAGACCAA 
CTCTTCTCTTTTTG KG161	 CGAATTCCTGCAGCCCGGGGGATCCACTAGTTAAGCGTAATCTG 
GAACGTCATATG KG165	 ACATCCCATGCCCCAAACTT 
	 29	






stock	ref.	 Sequence	5'	to	3'	AtNEDD8	(RUB1)	 qKG43	 GATCGGATTAAGGAACGTGTTGAGGAGA	qKG44	 GAACCAGATGAAGAACAGAGCCTCC	ScPTR2	 qKG49	 TGGTTCTGCAATCGGTTGTGCA	qKG50	 GTCTTCTTCTTCGTAGTCCATAGCGTTC	AtPRT6	 qKG75	 GTGGTCCGCCGTATCAGAAGAA	KG110	 ACGTTGCGTCAACTGCACC	AtPRT6	(UBR	do-main)	 qKG55	 CCAACTTGTGCAATCTGCGTGC	qKG56	 CCACAATCACAACAACCACCACCT	
	 30	















































































































pKG25	 pMLBART	35S:	GFP–RIN4-	LUC	 The	RIN4	coding	sequence	was	PCR	amplified	from	a	plasmid	containing	the	RIN4	sequence	available	in	the	lab	(pEG349)	using	primers	KG50	+	KG51.	This	sequence	was	inserted	into	pBJ36	35S:GFP-LUC	(pKG15)	using	SmaI	and	HindIII,	resulting	in	pKG21.	This	plasmid	was	then	digested	using	NotI	and	the	35S:GFP-RIN4-LUC	fragment	was	inserted	into	pMLBART	that	had	been	digested	with	NotI	and	dephosphorylated.	pKG26	 pMLBART	35S:GFP	–RIN4D153G-LUC	 The	RIN4	sequence	with	the	D153G	mutation	was	PCR	amplified	from	a	plasmid	containing	the	mutant	RIN4	sequence	available	in	the	lab	(pEG351)	using	KG50	+	KG51.	This	sequence	was	inserted	into	pBJ36	35S:GFP-LUC	(pKG15)	using	SmaI	and	HindIII,	result-ing	in	pKG22.	The	35S:GFP	–RIN4D153G-LUC	fragment	was	excised	using	NotI	and	inserted	into	pMLBART	that	had	been	digested	with	NotI	and	dephosphory-lated.	pKG27	 pMLBART	35S:GFP-	RIN4ΔCt	-LUC	 The	RIN4ΔCt	sequence	was	PCR	amplified	from	a	plasmid	containing	the	RIN4	sequence	available	in	the	lab	(pEG349)	using	primers	KG50	+	KG52.	This	sequence	was	inserted	in	to	pBJ36	35S:GFP-LUC	(pKG15)	using	SmaI	and	HindIII	digestion,	resulting	in	pKG23.	The	35S:GFP-	RIN4ΔCt	-LUC	fragment	was	then	digested	out	of	pBJ36	using	NotI	and	inserted	into	pMLBART	that	had	been	digested	with	NotI	and	dephosphorylated.	pKG28	 pMLBART	35S:GFP-RIN4ΔCtN11G	-LUC	 The	RIN4ΔCtN11G	sequence	was	PCR	amplified	from	pEG349	using	primers	KG50	+	KG52.	The	product	was	inserted	into	pBJ36	35S:	GFP-LUC	(pKG15)		using	
SmaI	and	HindIII,	resulting	in	pKG24.	The	35S:GFP-RIN4ΔCtN11G	-LUC	fragment	was	then	digested	out	of	pKG24	using	NotI	and	inserted	into	pMLBART	that	had	been	digested	with	NotI	and	dephosphorylated.	pKG30	 pMLBART	35S:	Ub-Arg-Luc-FLAG	 The	Ub-Arg-LUC	sequence	was	PCR	amplified	from	pEG368	using	primers	KG60,	KG61	and	KG62.	This	sequence	was	inserted	into	pBJ36	35S	using	SmaI	and	




XmaI	and	inserted	into	pBJ36	35S:GFP-NOI3-HA	(pAK7)	that	had	been	digested	with	the	same	en-zymes.	The	resulting	construct	(pKG56)	was	digested	using	NotI	and	the	fragment	of	interest	was	inserted	into	pMLBART	that	had	been	digested	with	NotI	and	dephosphorylated.	pKG62	 p426	ADH1:PRT6-6HA	 The	PRT6	sequence	was	PCR	amplified	using	primers	KG160	+	KG161	and	pFrWa4	as	a	template.	These	primers	added	homologous	sequences	to	SpeI-linearized	p426	ADH1.	Linearized	plasmid	and	the	PCR	product	were	co-transformed	into	S.	cerevisiae	and	the	PCR	product	was	introduced	into	p426	ADH1	by	homologous	recombination	in	these	cells.	pKG63	 p415	GALL:PRT6ΔwHTH–6HA		 PRT6	sequences	flanking	the	wHTH	domain	were	PCR	amplified	using	primers	KG112	+	KG113	and	KG116	+	KG119	(pFrWa4	was	used	as	a	template).	These	two	PCR	products	were	then	fused	using	over-lapping	PCR	with	KG122	+	KG119	to	generate	a	PRT6	sequence	lacking	the	wHTH	domain.	This	sequence	was	inserted	into	a	pJET	vector	using	the	pJET	clon-ing	kit	(Thermo	Fisher).	This	sequence	was	then	used	as	a	template	for	PCR	amplification	using	KG155	+	KG156.	These	primers	added	30	homologous	bases	to	the	5’	and	3’	end	of	the	sequence	to	the	vector	p415	GALL	PRT6-6HA	(pFrWa4).	p415	GALL	PRT6-HA	was	digested	with	Kpn2I	and	OliI	to	remove	the	wHTH	domain.	The	PCR	amplicon	generated	using	KG155	+	KG156	was	co-transformed	into	yeast	cells	with	this	linearized	pFrWa4	plasmid	and	inserted	into	the	plasmid	by	homologous	recombination	in	yeast	cells.	pKG71	 pET28b	6xHis-RIN4	 The	full-length	cDNA	sequence	of	RIN4	was	PCR	am-plified	with	primers	KG198	+	KG199	using	Arabidop-
	 50	
sis	cDNA	as	a	template.	This	sequence	was	digested	with	BamHI	and	HindIII	and	inserted	into	pET28b	plasmid	that	had	been	digested	with	the	same	en-zymes.	pKG72	 pET28b	6xHis-RIN4-II	 The	cDNA	sequence	coding	for	the	RIN4-II	fragment	was	PCR	amplified	with	primers	KG200	+	KG201	us-ing	Arabidopsis	cDNA	as	a	template.	This	PCR	prod-uct	was	digested	with	BamHI	and	HindIII	and	insert-ed	into	pET28b	that	had	been	digested	with	the	same	enzymes.	pKG73	 pET28b	6xHis-RIN4-III	 The	cDNA	sequence	coding	for	the	RIN4-III	fragment	was	PCR	amplified	with	primers	KG202	+	KG203	us-ing	Arabidopsis	cDNA	as	a	template.	This	sequence	was	digested	with	BamHI	and	HindIII	and	inserted	into	pET28b	that	had	been	digested	with	the	same	enzymes.	pKG74	 pMLBART	35S:GFP-NOI2E20A-HA	 A	plasmid	encoding	pBJ36	35S:GFP-NOI2-HA	availa-ble	in	the	lab	(pAK9)	was	used	as	a	template	for	PCR	reactions	to	introduce	the	E20A	mutation	using	pri-mers	KG144	+	KG167	and	KG168	+	KG147.	The	two	PCR	products	were	then	fused	by	overlapping	PCR	using	KG144	+	KG147.	This	product	was	digested	us-ing	AflII	and	XmaI	and	inserted	into	pBJ36	35S:GFP-NOI2-HA	(pAK9)	that	had	been	digested	with	the	same	enzymes.	The	resulting	construct	(pKG67)	was	digested	with	NotI	and	the	fragment	of	interest	in-serted	into	pMLBART	that	had	been	digested	with	
NotI	and	dephosphorylated.	pKG75	 pMLBART	35S:	GFP-NOI5E15A-HA	 A	plasmid	encoding	pBJ36	35S:GFP-NOI5-HA	availa-ble	in	the	lab	(pAK8)	was	used	as	a	template	for	PCR	reactions	to	introduce	the	E15A	mutation	using	pri-mers	KG144	+	KG169	and	KG170	+	KG147.	The	two	PCR	fragments	were	then	fused	by	overlapping	PCR	using	KG144	+	KG147.	The	two	PCR	products	were	then	fused	by	overlapping	PCR	using	KG144	+	KG147.	This	product	was	digested	using	AflII	and	XmaI	and	inserted	into	pBJ36	35S:GFP-NOI5-HA	that	had	been	digested	with	the	same	enzymes.	The	resulting	con-struct	(pKG68)	was	digested	with	NotI	and	the	frag-ment	of	interest	inserted	into	pMLBART	that	had	been	digested	with	NotI	and	dephosphorylated.	pKG76	 pMLBART	35S:	GFP-NOI6D20A-HA	 A	plasmid	encoding	pBJ36	35S:GFP-NOI6-HA	availa-ble	in	the	lab	(pAK6)	was	used	as	a	template	for	PCR	reactions	to	introduce	the	D20A	mutation	using	pri-mers	KG144	+	KG171	and	KG172	+	KG147.	The	two	PCR	fragments	were	then	fused	by	overlapping	PCR	using	KG144	+	KG147.	This	product	was	digested	us-ing	AflII	and	XmaI	and	inserted	into	pBJ36	35S:GFP-NOI6-HA	that	had	been	digested	with	the	same	en-
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AGI		 Protein	Name N-terminal	Residue	of AvrRpt2	Cleavage	
Product At3g25070 RIN4	(RIN4-II	fragment) Asn	(N) At3g25070 At5g64850	At5g09960 At5g48657	At3G07195 
RIN4	(RIN4-III	fragment) NOI6 NOI7 NOI10	NOI11	
Asp	(D) 
At5g63270 At5g40645 At2g17660	At5g55850 At3g48450 At5g18310	
















Anti-RIN4	Dangl Rabbit	polyclonal	antibody Amino	acids	 77-211 Mackey	et	al.,	2002 
Anti-RIN4	Coaker Affinity	purified	rabbit	polyclonal	antibody Full-length	RIN4 Liu	et	al.,	2009 
















anti-RIN4 Coaker                                        anti-RIN4 Coaker
Ponceau                                                     Ponceau
anti-RIN4 Coaker


































Dex - + + - + +



































Dex - + + - + +





















Full length RIN4: 23.3 kDa
RIN4-II: 15.9 kDa








RIN4 RIN4N11G RIN4D153G GFP 
Pst AvrRpt2  +  -  - +  - -  +  - - + - - 
Pst AvrRpt2C122A  - +  -  - + -  - + - - + - 




































Ub         X         RIN4-II/III                       mCherry                                    sfGFP 
35S 


















































































































PRT6_Arabidopsi    1 GVCGSVWGQNDIAYRCRTCENDPTCAICVPCFQNGDHNSHDYS--I-IYT 
UBR1_Mouse         1 QLCGKVFKSGETTYSCRDCAIDPTCVLCMDCFQSSVHKNHRYK--MHTST 
UBR1_Human         1 QLCGRVFKSGETTYSCRDCAIDPTCVLCMDCFQDSVHKNHRYK--MHTST 
UBR1_S.cerevisi    1 RNCGRKFKIGEPLYRCHECGCDDTCVLCIHCFNPKDHVNHHVCTDICTEF 
consensus          1 ..**.........* *..*..*.**..*..**. . *..*...  ..... 
 
 
PRT6_Arabidopsi   48 GGGCCDCGDETAWKPDGFCSNHKG 
UBR1_Mouse        49 GGGFCDCGDTEAWKTGPFCVDHEP 
UBR1_Human        49 GGGFCDCGDTEAWKTGPFCVNHEP 
UBR1_S.cerevisi   51 TSGICDCGDEEAWNSPLHCKAEEQ 
































Input anti-Myc IP 
Myc-CUL1 - + - - + - - + - - + - 
Myc-CUL1K682R - - + - - + - - + - - + 

































































































Ub R LUC FLAG 
DUBs 
Ub R LUC FLAG 

















































































Ub-R-LUC-FLAG + + 
6His-3HA-NEDD8 + + 






















anti-HA (long exposure) 
Ponceau 
anti-FLAG IP 
Ub-R-LUC-FLAG + + + + + + 
6His-3HA-NEDD8 + + + + + + 
Myc-NEDDylatorPRT6 - - - + + + 






















linear p426 ADH1 vector 

















































































































































































































Input Nickel column eluate 
9xMyc-NEDD8 - + - - + + 
NEDDylator119-188-Myc-6His + + + + + + 



































































































However, when the ubr1Δ strain expressed yeast UBR1, the levels of ß-gal 
activity in the presence of Phe-ß-gal, Leu-ß-gal  and Arg-ß-gal decreased 
significantly, whereas the levels of Met-ß-gal were largely unchanged. This result is 
in agreement with the known specificity of yeast UBR1 (Bartel et al. 1990). This 
control experiment therefore confirms that the N-end rule reporters used function 
properly. In contrast, expression of PRT6 resulted in lower levels of Arg-ß-gal, but 
not of Phe- and Leu-ß-gal, strongly suggesting that in yeast, PRT6 only recognizes 
basic destabilizing residues. This result confirms the data published by Garzon et al., 
(Ga zon et al. 2007) and indicates that the preliminary data obtained in our laboratory 
with a set of uncharacterized N-end rule reporters might have been an artefact. We 
further tested the specificity of PRT6 in planta to validate the results obtained in yeast 
(see Figure 3.2). 
 
 
Figure 3.2. Expression of PRT6 restores degradation of Arg-ß-gal in a yeast ubr1∆ mutant. 
Enzymatic activities of ß-gal in a ubr1∆ mutant of S. cerevisiae transformed with plasmids expressing 
Ub-X-ß-gal test proteins (X being Phe, Leu, Met or Arg) together with a plasmid encoding either yeast 
UBR1, Arabidopsis PRT6, or an empty plasmid. Results shown ar  the average of four ind pendent 


























Results colour-coded for secondary structure
The current colourscheme of the alignment is for secondary structure type.
The 3-state (H, E C) secondary structure for each sequence is represented by a colour. If a sequence in the alignment has no colours assigned, this means that either there is no DSSP
information available (if this was requested), or that no prediction was possible for that sequence (if this was requested).
The colour assignments are:
HELIX (H) STRAND (E)    You have selected to perform secondary structure prediction using DSSP (Kabsch and Sander, 1983) and SSPRO v4 (Pollastri et al.,2002).
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(PRED) BirA MKDNTVPLKL IALLANGEFH SGEQLGETLG ------MSRA AINKHIQTLR
(PRED) ELL2 ISQRPYRDRV IHLLALKAY- KKPELLARLQ KDGVNQKDKN SLGAILQQVA
(PRED) PRT6 ---ESLRREI IFKLATGDF- THSQLVKSLP RD---LSKSD ELQEVLDDVS
. . . . . . . . . 60 . . . . . . . . . 70 . . . . .
(PRED) BirA DWGVDVFTVP GKGYSLPEPI -----
(PRED) ELL2 NLNS----KD LS-YTLKDYV FKELQ
(PRED) PRT6 VYCNPSGMNQ GK-YSLQSSC WKELD
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Arabidopsis       1 --ESLRREIIFKLATGDFTHSQLVKSLPRDLSKSDELQEVLDDVSVYCNPSGMNQGKYSL 
Brassica          1 --ESLRREIIFKLATGDFTHSQLVKSLPRDLSKSDELQEVLDNVSVYCNPSGMNQGKYSL 
Glycine           1 --ECLKRELIYKLSIGDATHSQLVKSLPRDLSKFEQLQDILNTVAVYSNPSGFNQGMYSL 
Ricinus           1 --ENLKRELIHKLSIGDATRSQLVKSLPRDLSKYDRLQEILDTVAVYSNPSGFNQGMYSL 
Gossypium         1 --DSLKRELIYKLAIGDATRSQLVKSLPRDLSKCDQLQEILDRVAVYSNPSGFNQGMYSL 
Theobroma         1 --DSLKRELIYKLAIGDATHSQLVKSLPRDLSKFDQLQEILDRVAVYCNPSGCNQGMYSL 
Vitis             1 --ESLKRELIYKLAIGNATHSQLVKSLPRDLSKIDQLQEILDTIALYSEPSGVNQGMYSL 
Nicotiana         1 ----LQRELVYRLSIGDATHSQLVKSLPRDLSKIDKFQEVLDRIAMYSNPSGMNQGMYKL 
Aegilops          1 TADNLKRELIYKLAVGDATHSQIVKSLPRDLSSSDQLQSVLDSLAVYSNPSGMKQGKYVL 
Oryza             1 --DNLKRELIYKLAVVDSTHSQIVKSLPRALSSSDQLQNVLDSLAVYSNPSGMKQGKYVL 
Brachypodium      1 --DNLKRELIYKLAVGDATHSQIMKSLPRDLSSSKQLQNVLDLLAVYSNPSGMKQGKYVL 
Sorghum           1 --DNLRRELIYKLAIGDATHSQIVKSLPRDLSSSDQLQNVLDSLAAYSNPSGMKQGKYVL 
Zea               1 --DNLRRELIYKLAIGDATHSQIVKSLPRDLSSSDQLQNVLDSLAAYSNPSGMKQGKYVL 
Physcomitrella    1 --QSLRRELVQRLAVGDATRSYLLKALPPRLQDSKHLQECLNAVATYRNPSGMQQGKYVL 
Mus               1 --DEIKREIIHQLSIKPMAHSELVKSLPEDENKETGMESVIESVAHFKKPGLTGRGMYEL 
Myotis            1 --DEIKREIIHQLSIKPMAHSELVKSLPEDENKETGMESVIEAVAHFKKPGLTGRGMYEL 
Chinchilla        1 ------REIIHQLSIKPMAHSELVKSLPEDENKETGMENVIETVAHFRKPGLTGRGMYEL 
Xenopus           1 ----IKREIIHQLSIKPMAHSELVKALPEDENKETGMETVIGTIASFKKPGLTGRGLYEL 
Danio             1 -----RREIVHQLCIRPMAHSELVKALPENENKETGMERVIDSVALFKKPGVTGRGLYKL 
consensus         1   . ..**....*.......*...*.**..... . .. ..........*... .*.* * 
 
 
Arabidopsis      59 QSSCWKELDLYHPRWQSRDLQSAEERFSR--- 
Brassica         59 RSSCWKELDLYHPRWHSRELQSAEERFSR--- 
Glycine          59 RWPFWKELDLYHPRWNSKDLQVAEERYMH--- 
Ricinus          59 RWMYWKELDLYHPRWNSRDLQVAEERYIR--- 
Gossypium        59 HWAFWKDLDLYHPRWNSRDLQVAEERYLR--- 
Theobroma        59 RWAYWKELDLYHPRWNSRDLQVAEERYLR--- 
Vitis            59 RQAYWKELDLYHPRWNPRDLQFAEERYSR--- 
Nicotiana        57 RLPYWKELDLYHPRWNSRDLQVAEERYMR--- 
Aegilops         61 RKAFWKELDLYHPRWNSREIQIAEERYYR--- 
Oryza            59 RKTFWKELDLYHPRWNSRELQIAEERYYR--- 
Brachypodium     59 RKAFWKELDLYHPRWNSRELQIAEERYYR--- 
Sorghum          59 RKSCWKELDLYHPRWNSRELQIAEERYYR--- 
Zea              59 RKSCWKELDLYHPRWNSRELQIAEERYYR--- 
Physcomitrella   59 REDCWRELDLYHPRWSPRELQLAEERYLR--- 
Mus              59 KPECAKEFNLYFYHFSRAEQSKAEEAQRK--- 
Myotis           59 KPECAKEFNLYFYHFSRAEQSKAEEAQRK--- 
Chinchilla       55 KPECAKEFNLYFYHFSRAEQSKAEEAQRNLR- 
Xenopus          57 KPECTKDFNLFYFHFSRAEQSKAEEAQRK--- 
Danio            56 RPECAKMFNLYFHHYSRADQSKAEEAQRKIKR 

























































































































































































































































































Raffinose plates/SD followed by10mM Arg-Ala  
+ 1% Galactose 5h incubation 
Raffinose plates/SD followed by 5mM Arg-Ala  
+ 2% Galactose 20h incubation 
4% galactose plates/SD followed by 10mM Arg-Ala  





































































































































































































































































































































pJET cloning vector 
PCR4 linear p416 PRT6-6HA vector 
pGALL PRT6 5’ PRT6 3’ 6HA 
PCR4 amplicon 
PRT6 sequence 
Co-transformation in  


















ubr1Δ pGALL: PRT6ΔwHTH-6HA 
 




























































































































































































Name	 Composition	2X	SDS	loading	dye	 25%	(v/v)	4x	stacking	buffer,	20%	(v/v)	glycerol,	4%	(v/v)	SDS,	2%	(v/v)	β-mercaptoethanol,	1%	(w/v)	bromophenol	blue	Amido	black	staining	solu-tion	 10%	(v/v)	acetic	acid,	90%	(v/v)	methanol,	amido	black	10B	Amido	black	wash	solution	 10%	(v/v)	acetic	acid,	90%	(v/v)	methanol	5x	CCLR	buffer	(Promega)	 25	mM	Tris-phosphate	pH7.8,	2	mM	DTT,	2	mM	1,2-diaminocyclohexane-N,N,N’,N’-tetraacetic	acid,	10%	(v/v)	glyc-erol,	1%	(v/v)	Triton	X-100	EB	buffer	 10	mM	Tris-Cl,	pH	8.5	Edward's	ex-traction	buffer	 200	mM	Tris-HCl	pH7.5-8.0,	250	mM	NaCl,	25	mM	EDTA,	0.5%	(w/v)	SDS	
HisA	buffer	 8	M	urea,	20	mM	Tris	pH8.0,	100	mM	K2HPO4,	10	mM	imidazole,	100	mM	NaCl,	0.1%	(v/v)	Triton	X-100	His	Elution	buffer	 20	mM	Tris	pH8.0,	100	mM	K2HPO4,	500	mM	imidazole,	100	mM	NaCl	HisWB1	buffer	 20	mM	Tris	pH8.0,	100	mM	K2HPO4,	20	mM	imidazole,	100	mM	NaCl,	0.1%	(v/v)	Triton	X-100	HisWB2	buffer	 20	mM	Tris	pH8.0,	100	mM	K2HPO4,	10	mM	imidazole,	100	mM	NaCl,	0.1%	(v/v)	Triton	X-100	Infiltration	Medium	 10	mM	MES	pH5.6,	10	mM	MgCl2,	150	μM	acetosyringone	
IP	buffer	 50	mM	Tris	pH8.0,	150	mM	NaCl,	20	mM	EDTA,	0.15%	(v/v)	NP-40,	1	mg/mL	BSA,	1:100	plant	protease	inhibitor	cocktail	(Sig-ma)	LAR	buffer	 20	mM	tricine	pH7.8,	1.07	mM	(MgCO3)4Mg(OH)2.5H2O,	2.67	mM	
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TfbI	buffer	 30	mM	KOAc,	50	mM	MnCl2.4H2O,	100	mM	KCl,	10	mM	CaCl2,	15%	glycerol	TfbII	buffer	 10	mM	NaMOPS	pH7.0,	75	mM	CaCl2,	10	mM	KCl,	15%	glycerol		Transfer	buffer	 10	mM	Tris	base,	0.1	M	glycine,	10%	ethanol	Tris-Glycine	buffer	 0.025	M	Tris	pH8.3,	0.192	M	glycine,	0.1%	SDS	
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Yeast	RNA	Ly-sis	buffer	 0.5	M	NaCl,	10	mM	EDTA,	1%	SDS,	0.2	M	Tris-HCL,	pH7.6	Z	buffer	 60	mM	Na2HPO4	.	7H2O,	40	mM	NaH2PO4	.	H2O,	10	mM	KCl,	1	mM	MgSO4	.	7H2O,	50	mM	β-mercaptoethanol,	0.5	mg/mL	X-Gal						
